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Abstract— The degradation of SiCr-based thin-film resistors 
under current and temperature stress and the Joule heating in 
the resistors are experimentally investigated to set current 
limitation design rules. Degradation mechanisms, the failure 
modes, and the impact of the stress test on Temperature 
Coefficient of Resistance (TCR), are studied with the use of 
various test structures stressed under different conditions 
(temperature, current density and direction), followed by optical 
inspections, Infra-Red imaging and SEM/TEM cross-sections. 
Electromigration (EM) is found to be the dominating degradation 
mechanism, but the EM process differs from that in commonly 
used interconnects. Current accelerating factor and the 
equivalent activation energy are determined for data 
extrapolation. To avoid errors in Joule-heating determination 
from TCR, integrated temperature sensors are employed. 
Current limitation design rules are deduced based on the EM and 
Joule heating results.   
Keywords-SiCr; integrated resistor; electromigration; Joule 
heating; design rule 
I.  INTRODUCTION 
To optimize the design of RF ICs integrated resistors made 
of materials with high precision resistivity, low Temperature 
Coefficient of Resistance (TCR), low noise and good matching 
performances are needed [1]. SiCr-based materials meet these 
criteria and are therefore attractive alternatives to poly-silicon 
for integrated thin-film resistors in RF technologies. Despite 
many investigations carried out on SiCr-based materials in 
material sciences [2-9], information on reliability of SiCr-based 
integrated thin-film resistors in IC processes has rarely been 
reported. In the work of Brynsvold et al [10] intensive 
investigations are carried out on the “wear-out” of SiCr-based 
resistors under current and temperature stress in their process 
technology. However no predictions of lifetimes under use 
conditions are provided because of the lacking of a proper 
degradation model. Therefore no current limitation design rules 
can be deduced based on their experimental results. 
In this work, a series of experiments are performed with the 
use of test structures of SiCr-based thin-film resistors in an IC 
process flow of NXP Semiconductors. Firstly investigations are 
carried out to clarify whether the degradation takes place in the 
SiCr film or in the SiCr−W plug interface, based on which 
further experiments can be designed. Samples are stressed 
under various current densities and temperatures, including 
varying the current flow directions. Attention is paid to the 
degradation mechanisms and failure modes, aiming to define a 
model for data extrapolation and prediction of lifetime under 
use conditions. Joule heating of the SiCr film is characterized 
with built-in temperature sensors, to avoid errors in Joule-
heating determination from TCR, which is small and quadratic 
with temperature for SiCr-based material. The final goal of the 
work is to characterize the reliability of the SiCr-based resistors 
and to define current limitation design rules by taking into 
account the degradation process and Joule heating effects. 
II. THE  EXPERIMENTS  
In NXP’s QUBIC4+ BiCMOS RF process SiCr thin film 
resistors are integrated between two AlCu interconnection 
metal levels, with the electrodes of the resistors being 
connected to the metal layer above through W via plugs. The 
SiCr film is deposited with a sputtering system, with a sheet 
resistance of 270 Ohms per square. Three sets of test structures 
are used in this work: In the first set of test structures a SiCr 
resistive film of 160 μm long and 8 μm wide is used. The 
number of via’s used to connect the resistive film to the AlCu 
electrodes is varied between 1 and 8. This set of test structures 
is used to determine where the observed degradation takes 
place. The second set of test structures consists of a 200 μm 
long and 9.8 μm wide SiCr line. 33 via’s in 3 columns are 
employed to connect the SiCr film to the AlCu electrodes in 
order to minimize the impact of any possible degradation 
related with the via’s. This set of test structures is meant to 
study the degradation in the SiCr film. In the third set of test 
structures a relatively narrow (0.5 μm) AlCu interconnect line 
is used as the temperature sensor for Joule heating 
characterization. The temperature sensor is placed either above 
or beneath, and along the axis of, the SiCr film. The width of 
the SiCr films is varied from 2 μm to 8 μm, with the length 
varied accordingly to ensure a constant number of squares of 
the film. In all these test structures the SiCr resistors and the 
AlCu sensors are constructed such that they enable 4-probe 
testing. In Fig. 1 one of the test structures is shown in cross-
section as an example. The test structures are packaged in 
ceramic housings to allow reliability testing under highly 
elevated temperatures.  
The electrical and temperature stresses are carried out with 
the use of a commercial EM tester. TCR is characterized before 
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and after the stress tests for some of the test runs to study the 
impact of current and temperature stress on TCR. Sample size 
is 15 or more per group of samples and per stress condition. 
Stress current and oven temperature are varied in a range 
within which the failure mode does not change with the stress 
conditions. A resistance change of 2% is taken as the failure 
criterion. The choice of such a failure criterion is based on the 
accuracy requirement of the product to the SiCr resistors. 
Failure modes are studied by optical inspection, Infrared (IR) 
imaging and SEM/TEM cross-sections. For Joule heating 
characterization the TCR of the AlCu temperature sensor is 
calibrated beforehand with the EM tester. The Joule heating is 
then measured as a function of current flow in the SiCr 
resistors.  
III. THE RESULTS AND DISCUSSIONS 
A. The general degradation  phenomenon  
The general degradation phenomenon is that the resistance 
of the Device Under Test (DUT) decreases during the current 
and temperature stress rather than increases as what is normally 
observed for interconnects. More precisely, the relative 
degradation curve shows an initial small increase (<2%) of the 
resistance shortly after the stress started and for a relatively 
short period, followed by a steady decrease of resistance, 
nearly perfectly linear with time, down to less than 90% of the 
original values (Fig. 2). And then a sudden deeper decrease 
occurs, followed by an abrupt increase of the resistance to 
infinite, suggesting that an open is created. As our failure 
criterion is set at 2% resistance change, for lifetime 
determination only the region of resistance decrease on the 
degradation curve is important. Therefore this work will focus 
on resistance decrease of SiCr resistors. 
The decrease of resistance of SiCr under current and 
temperature stress is attributed to silicon migration, CrSi2 grain 
formation and growth, and possibly CrSi2 reorientation etc. in 
literature [10]. But no theory could explain our results 
reasonably well. In fact it is reported in another paper that the 
formation of CrSi2 even causes resistance increases in SiCr-
based materials [3]. On the other hand, because not much is 
known about the SiCr-W interface, it is speculated that any 
change of the property of this interface might have played a 
role in the observed resistance decrease process.  Therefore it is 
important to determine where, in the SiCr film or at the SiCr-W 
plug interface, the degradation takes place. It is important to 
know where the degradation takes place also because it affects 
the definition of current density and DUT temperature in the 
experimental design and data interpretation.   
B.  The degraded  element 
To determine where the degradation takes place, test 
structures with the same SiCr layout (W x L = 8 μm x 160 μm) 
but with different number of via’s, 1, 3 or 8 via’s, respectively, 
are stressed. The via’s are placed in one column, perpendicular 
to the length of the resistors at each end of the film which 
connect the SiCr film to the AlCu electrodes. Oven temperature 
is set to 240 oC in this experiment. Test structure 1 (with 8 
via’s) and 2 (with 3 via’s) are stressed with a current of 3 mA, 
and test structure 3  (with only 1 via) is stressed with a current 
of 1 mA. Their relative degradation curves are shown in Fig. 3. 
Comparing test structure 1 with test structure 2, where the 
current densities in the SiCr film are the same while the current 
densities in the via’s are different, it can be seen that their 
degradation curves overlap. This can be seen more clearly from 
their cumulative time-to-failure (TTF) distribution graph (Fig. 
4). On the other hand, when the results of test structure 2 and 3 
are compared, where the current density in each via is the same 
while the current density in the SiCr film differs by a factor of 
three, the degradation of test structure 3 with a lower current 
density in SiCr is much slower. In summary, the decrease of 
resistance depends on the current density in the SiCr film and is 
Figure 2.  Typical relative degradation curve in time. 
TDUT= 386.5 oC, Istress = 0.61 mA/μm line width. Dashed 
line refers to the 2%  resistance  change failure criterion 
 
Figure 1.  Cross-sectional schematic description of a SiCr test 
structure with an AlCu line beneath it as the temperature sensor. 
AlCu    AlCu SiCr resistor   W via plug  
AlCu T-sensor 
Figure 3.  Relative degradation curves of  3 test structures for 
comparison:  test structures 1 and 2 are stressed  with the same  curent 
density in the SiCr film but different current density in via’s;  and test 
structures 2 and 3  with the same curent density in the via’s  but 
different current density in  the SiCr film. Refer to the insets for 
details.  Dashed line refers to the 2%  resistance  change failure 
criterion.  Oven temperature: 240 oC. X-axis in Log scale. 
1. In SiCr:   0.375 mA/μm;
In VIAs: 0.378 mA/VIA.
2. In SiCr:   0.375 mA/μm;
In VIAs: 1.0 mA/VIA.
3. In SiCr:  0.125 mA /μm
In VIA:  1.0 mA/VIA
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independent of the current density in the via’s.  
The observed resistance decrease certainly cannot be 
explained by the formation of voids in the test structure. 
Resistance decrease could be caused by extrusion. However, no 
extrusion is observed at all. Supposing the resistance decrease 
is caused by the improvement of contact between W-plug and 
SiCr, it would be difficult to imagine that the improvement at 
the eight via’s of test structure 1 could be just equal to that in 
the three via’s of test structure 2. In addition, optical inspection 
reveals a discoloration in the SiCr film (for details see next 
section) at the anode side of the film. The length of the 
discolored area is found to be proportional to the decrease of 
resistance. The observed discoloration and the fact the 
resistance decrease depends on the current density in the SiCr 
film, suggest that the degradation takes place in the SiCr film 
and not in the via or at the SiCr−W plug interface.  
C. The degradation  mechanism and failure modes 
Further investigations are carried out under various current 
flows in the SiCr film and under various oven temperatures, in 
order to build a degradation model for lifetime extrapolation. In 
these experiments the SiCr test structure of 9.8 μm x 200 μm 
(W x L) is used. The stress conditions and the results of TTF 
fitting to LogNormal distribution are summarized in Table 1, 
where TTF50% is the median point of TTF distribution, TDUT is 
the temperature of the DUT, and σ is the standard deviation of 
TTF in natural logarithms scale. In general, the TTF decreases 
with the increase of current flow and DUT temperature. A 
remarkable characteristic of the TTF distributions is that the 
sigma’s are very small (< 0.1), in contrast to those for 
interconnect lines which are normally 0.2 to 0.7 or even higher. 
After stress test the samples are inspected with optical 
microscope as the first step to study the failure mode. It is 
observed that part of the SiCr resistors becomes darker at their 
anode side (see Fig. 5a). The length of the discolored area is 
found to be proportional to the percentage of resistance 
decrease due to stress. IR imaging while current flows in the 
SiCr film confirms that the darkly colored section of the 
resistor is cooler and therefore has a lower resistivity (Fig. 5b). 
Based on these results it can be concluded that the resistance 
decrease is related to the discoloration of the resistor.  Whether 
any other change in the rest of the film plays a role as well is 
not clear yet.   
To understand better what the color change means, current 
flow direction is changed for small groups of samples (three to 
six samples per group) at different stages of a stress 
experiment. Small sample sizes are acceptable for this semi-
quantitative study because the differences among samples in 
their degradation behaviors are small, indicated by the small 
sigma as shown in Table 1. It is found that reversing the current 
flow direction can trigger a recovery process for the observed 
degradations at any stage of the degradation process (see Fig. 6, 
one sample per group is shown as examples). Some of the 
Figure 4.  Cumulative failures in time in LogNormal 
distribution of test structure 1 and 2 with their relative 
degradation curves shown in Fig. 3. 
z Test structure 1 
 Test structure 2 
Figure 5. Color change on SiCr (a) is shown to 
correspond to a decrease in resistance by IR image (b) 
where darker means a lower temperature under current 
stress. 
(a) 
(b) 
The SiCr resistor  V-V+ 
TABLE I.  STRESS CONDITIONS AND THE RESULTS.  
Fail/  
samples 
Istress  
(mA) 
TDUT   
(oC) 
TTF50% 
(hrs) σ 
Iallowed 
(mA/μm) 
Life 
(yrs) 
28/28 6 386.5 10.8 0.096 17.2 97K 
15/15 5 333.9 159.3 0.099 17.2 97K 
14/15 4.6 335.2 184.5 0.071 17.7 105K 
15/15 4.6 355.0 76.9 0.047 18.2 113K 
Figure 6. Relative degradation and the recovery with reversed current 
flow at different stage of the degradation process. Circles indicate a 
change in current flow direction. Triangles indicate the termination of 
current stress with those samples for visual inspections.  
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samples are terminated with current stress at different stages of 
the degradation process for visual inspections at the end of the 
experiment. It is assumed that with no stress current through 
the resistors no further degradation or any recovery would take 
place because the temperature of the SiCr film is much lower 
due to lack of Joule heating. Such an assumption has been 
proven to be valid by experiments. Some of the inspection 
results are shown in Fig. 7. In Fig. 7a0 the relative degradation 
curves are shown for a number of samples which belong to the 
same group originally. The optical micrograph of a sample 
terminated with current stress at stage A is shown in Fig. 7a. 
After stage A the current flow direction is reversed for all the 
other samples. Pictures of samples at stage B, C, D and E are 
given in Fig. 7b, c, d and e, respectively. Comparing the 
pictures at stage B, C, D and E with that at stage A, it is seen 
that with the reversed current flow the discolored area at the 
original anode side of the test structures becomes shorter and 
shorter. Thereafter color change takes place at the original 
cathode side, which is now the anode side after the change of 
the current direction. And the discolored area becomes larger 
and larger as the stress continues.  
Based on the characteristics that the degradation process is 
dependent on current density, current flow directions and DUT 
temperature, and it is reversible, it can be concluded that the 
color change and the degradation of the resistors (resistance 
decrease) are caused by electromigration (EM).  
What is migrating causing the color change and resistance 
decrease in SiCr-based films is an important point in this case. 
In conventional EM process in interconnects the matrix 
material of the metal interconnect migrates in the direction of 
electron flow. The failure mode is dominated by void 
formation in the upstream side of the metal lines, especially at 
locations where the EM path is blocked by W-plugs or barrier 
layers in which no EM can take place. In literature, resistance 
decrease in SiCr-based films is attributed to migration of Si, or 
CrSi2 grain formation and growth etc., in the SiCr material 
[10]. However, the results described so far cannot be explained 
by any of those speculations except for Si EM. But question 
still remains when EM of Si is considered as the degradation 
mechanism in SiCr because in that case the EM process would 
be similar as in the commonly used interconnects, based on the 
fact that Si is the dominating element in the SiCr film. If the 
dominating material migrates voids would be expected at the 
cathode end of the test structures. The fact is that voids have 
never been observed in the SiCr film at the cathode end of the 
film in all our experiments.  
Instead of void formation at the cathode end of the SiCr 
films a “bubble” always appears there (Fig. 8a). TEM cross-
section shows that the bubble reflects the presence of a Si layer 
under the SiCr film (Fig. 8b). The presence of such a Si layer 
changes the level of SiCr in the vertical direction, alters the 
morphology of the surface of the device and causes mechanical 
stress in the surrounding dielectrics. As such, it appears as a 
bubble under optical microscope. As the stress time is 
extended, delamination in this Si layer will take place, forming 
a gap between the SiCr film and the dielectrics beneath it. The 
formation of the gap between the SiCr film and the dielectrics 
underneath enhances the Joule heating effect so that the SiCr 
film becomes very hot locally. Because the TCR of the SiCr 
resistor is negative when the temperature is above 180 oC, such 
a temperature increase will result in an additional resistance 
decrease. In addition, the Si layer might short cut partly the 
SiCr film next to it at higher temperatures as well. These two 
effects can explain the deeper resistance decrease (low part of 
the curve in Fig. 2 and stage E in Fig. 7ao) before an open is 
formed. When the stress continues an open will form finally. 
The location of the void/open is not at the end of the SiCr film 
as is commonly observed for interconnects. Instead, the open is 
formed where the edge of the bubble crosses the SiCr film (Fig. 
9). The shape of the open, which takes the form of the edge of 
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V- 
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Figure 7. Impact of current flow reversing on the observed 
discoloration in SiCr film at different stages of the degradation 
process. Refer to text for details. 
 
 
 
(a) 
(b) 
Si layer 
Figure 8. The “bubble” at the cathode end of the SiCr film 
after stress (a) and the TEM cross-section showing the 
presence of a Si layer under the SiCr film (b).  
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the bubble (Fig. 9), confirms that the open is the result of the 
bubble/delamination. Similar delamination has been reported in 
literature [10], where it is attributed to a wire bonding triggered 
damage.   
The observations mentioned above suggest that EM in this 
case does not only mean migrations of material(s) within the 
SiCr film, but also indicate, even more importantly, that 
material(s) outside the SiCr film are involved and migrated 
along the SiCr film from the cathode side to the anode side of 
the film. The element which migrates is most likely oxygen. 
Auger analysis shows that the discolored part of the resistors 
indeed contains much more oxygen. A hypothesis on the 
mechanism of EM of oxygen in SiCr is shown schematically in 
Fig. 10. Taking oxygen away from the dielectric, basically 
SiO2, around the cathode end of the SiCr film leaves only 
elementary Si there (Fig. 10a, area A), which causes volume 
shrink of the dielectric locally, resulting in 
cracking/delamination within area A. The oxygen pumped into 
the SiCr film migrates with the electron flow and accumulated 
at the anode side of the SiCr film (area B, Fig. 10a). As current 
flow direction is reversed the oxygen accumulated in the SiCr 
film in area B will migrate back to area A where it came from 
(Fig. 10b). If this process continues all the accumulated extra 
oxygen in the SiCr film will become exhausted, thereafter 
oxygen from the dielectrics around the original anode end of 
the film (area C, Fig. 10c) will be pumped into the SiCr film 
and migrated to and accumulated in the film at the original 
cathode side of the film (area D, Fig. 10c). As a result, a 
“bubble” is formed at the original anode end.   
Besides the EM degradation which dominates, there seems 
to be a slower degradation process resulting in gradual 
resistance increase as well. This could be seen by the 
increasing trend of the maximum points where a recovery 
process has completed and a new migration process in the 
reversed direction has started as shown in Fig. 6 (dashed line).  
The difference in slope between resistance increase (with a 
higher slope) and resistance decrease as is seen in Fig. 6 
suggests also that a secondary degradation process is in place.  
The lifetime of EM induced degradation can be described 
as a function of current density and operation temperature by 
the well-known Black’s equation  
where A is a pre-factor, J is the current density, T is the 
temperature, n is the current accelerating factor, Ea is the 
thermal activation energy and k is the Boltzmann constant. 
Fitting the TTF50% data obtained at different currents and TDUT 
as summarized in table 1 with Black’s equation, a current 
accelerating factor of 2.53 and an activation energy of 1.46 eV 
are obtained. For a required lifetime of 3000 operation hours at 
150 °C and a 0.1% failure rate at the end-of-life, the allowed 
current per micrometer film width are calculated and given in 
Table 1. An Iallowed of 17.2 mA/μm or more is obtained. This 
can be considered as the EM determined current limitation 
design rule.   
From the fundamental point of view the story is far not to 
its end. It is reported in literature that introduction of more 
oxygen during the deposition of SiCr-based films increases the 
resistivity of the films [2]. This does not seem to be supported 
by our findings.  It is possible that the reactions of oxygen with 
Si and/or Cr during the deposition and after the deposition and 
formation of CrSi2 crystal grains are different. During 
deposition more SiO2 can be formed with more oxygen 
sources, resulting in an increase of the resistivity of the 
deposited SiCr-O films [2]. It is also reported that CrSi2 is a 
semiconductor material with a narrow band gap [3]. 
Oxidization of deposited SiCr films could occur only in a few 
nanometer layer thickness [2]. Extra oxygen brought into the 
film after the deposition and formation of CrSi2 may play a role 
in coupling the CrSi2 grains so that the resistivity becomes 
lower, rather to form SiO2 to increase the resistivity. 
Furthermore, it is not well understood why the Si layer is 
formed under the SiCr film but not above it. Further 
investigations are needed to fully understand the mechanism.   
D. SiCr TCR stability 
In literature, the decrease of resistance of SiCr-based 
resistor during electrical and temperature stress is sometimes 
explained by a decrease of TCR (becoming more negative) due 
to the stress test so that the resistance value measured at 
elevated temperature decreases. To be sure the data obtained in 
this work, which are measured in situ during the stress test at 
high temperature, do not involve big errors due to that effect, 
TCR is characterized before and after a stress test run. A 
quadratic but relatively flat TCR as a function of temperature is 
obtained before the stress test, varying from roughly +125 
               TTF50% = AJ-n exp(Ea/kT),                  (1)    
Figure 9. An open in the SiCr film, in the shape conforming  
the edge of the “bubble”.   
(a)
(b)
(c)
V-     V+ 
A 
B 
V+     V- 
A 
B 
V+     V- 
C 
D 
Figure 10. Schematic illustration of the EM process in 
SiCr involving dielectrics around it. (a) electron flows 
from right to left; (b) and (c) eletron flows from left to 
right. Refer to the text for details. 
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ppm/oC in average in the temperature range from 50 oC to 155 
oC, to about −80 ppm/oC in average from 155 oC to 220 oC. 
After more than 600 hour stress, TCR changes to around 155 
ppm/oC in the temperature range from 40 oC to 195 oC, and to 
about −85 ppm/oC from 195 oC to 225 oC. It is still quadratic, 
but the turning point from positive to negative shifted from 
about 155 oC before the stress test to about 195 oC after the 
stress test (see Fig. 11). This means that TCR of our SiCr film 
does change due to stress test but the change is not enough to 
explain the observed resistance decrease. Fig. 11 shows clearly 
that the resistance values are indeed lower after the stress test 
even if the measurements are done around room temperature.    
It is reported in literature that introduction of more oxygen 
during the deposition of the SiCr film would decrease the TCR 
of the material to more negative [2]. While CrSi2 crystallization 
due to annealing or stress would increase the TCR. Concerning 
the impact of oxygen on TCR it seems to be not in agreement 
with our findings of oxygen migration and accumulation in 
SiCr. A similar argument as for the impact of oxygen content 
on resistance decrease might apply. Further investigations are 
needed to make it clearer. TCR becomes more positive with the 
stress test is well in line with that is reported in literature [10].  
E. Joule heating in SiCr resistor 
The TCR of the SiCr-based material is small and quadratic. 
Large errors can occur when Joule heating is calculated from 
TCR measurement if the fitting is made with a software 
designed for metal interconnect of which the resistance 
increases linearly with temperature. Therefore it is necessary to 
calibrate the Joule heating with an alternative method. In this 
work AlCu lines of 0.5 μm in width are integrated in the test 
structure as the temperature sensors to measure the Joule 
heating in SiCr resistors. Choice of such a narrow AlCu line as 
the temperature sensor is based on the criteria that the AlCu 
line should not cause significant changes to the thermal 
resistance between the SiCr resistor and the Si substrate and it 
should not have a by-function as a heat sink etc. The error of 
temperature measurement with the use of AlCu sensor is 
dependent on the accuracy of the temperature of the oven in 
which the AlCu sensor is calibrated, which is specified at 
±1.5%.   
Joule heating for SiCr resistors with a film width of 2 μm, 4 
μm and 8 μm are measured. For all film widths, at the same 
current density, a lower temperature is measured with the 
sensor under the SiCr film than above the SiCr film, although 
the sensor under the SiCr film is much closer to the SiCr film. 
This indicates that most of the thermal energy is passed to the 
Si substrate. Similar to normal metal lines, the measured line 
temperature increases with the line width for a constant current 
flow density. Because the sensor is not in contact with the SiCr 
film, the error of temperature measurement must be bigger for 
narrower resistors if their widths are in the same order as the 
distance between the SiCr films and the sensors. That is, the 
temperature for narrow lines could be underestimated. For this 
reason, the test structure with an 8 μm wide SiCr line is paid 
more attention in this study.  
Joule heating is characterized at room temperature and at an 
oven temperature of 80 oC. No clear differences are found.   
This is understandable because the TCR of the SiCr material is 
small (~ 125 ppm/oC) so that Joule heating can be considered 
to be independent of the ambient temperature in a wide 
temperature range within the measurement error.     
Corrections are made by taking into account the distances 
between the sensor and the SiCr film, and between the SiCr 
film and the Si substrate, assuming a constant thermal gradient 
between the SiCr film and Si substrate. The Joule heating of 
three samples measured at room temperature as a function of 
current density per line width are shown in Fig. 12.  It can be 
seen in Fig. 12 that the SiCr resistor is already very hot even if 
the current flow is less than 1 mA per micrometer line width.   
Suppose a 10 oC temperature increase is allowed, a current 
limitation of 0.12 mA per micrometer film width is determined. 
Considering the possible impact of the over heat of SiCr on the 
other elements around the SiCr resistors, such as the metal 
interconnects or transistors underneath, the 10 degree limitation 
is not too tight. This current limitation determined from Joule 
heating is more than two decades smaller as compared with the 
current limitation due to EM given in Table 1. This means that 
Joule heating is the limiting factor rather than EM for SiCr 
resistors.  This current limitation is recommended as part of the 
design rule for SiCr resistor design.  
Figure 12.  Joule heating in SiCr as a function of current density per 
micrometer line width, measured on 3 samples.  
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Figure 11.  Resistance change with temperature of a sample before 
and after a stress test. 
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With the recommended current limitation the lifetime of 
SiCr due to EM is found to be longer than 90k years. The 
results are given in Table 1  (last column) as well.   
IV. CONCLUSIONS 
The degradation of SiCr-based thin-film resistors under 
current and temperature stress and the Joule heating effect are 
experimentally investigated. The main degradation is a current 
induced resistance decrease. The change of resistance is found 
to occur in the SiCr film itself and not at the SiCr−W plug 
interface. Two degradation processes are identified: EM, which 
dominates and leads to resistance decreases; and another 
process that results in a relatively small resistance increase. The 
EM induced degradation is found to be completely reversible. 
The observed phenomena are explained by a new EM 
mechanism, in which the initial material of the SiCr film does 
not migrate. Instead, oxygen from the material surrounding the 
SiCr film is pumped into and migrates along the SiCr film. 
Resistance decrease is resulted from oxygen accumulation in 
the SiCr resistor. Current accelerating factor and the equivalent 
activation energy are determined to enable data extrapolation 
from experimental conditions to use conditions. The change of 
TCR due to a current and temperature stress is less than 25%. 
Joule heating is found to be the limiting factor for current flow 
in the SiCr film. A current limitation design rule is proposed 
accordingly. At the proposed design current limitation the 
lifetime of SiCr due to electrical stress is determined to be 
more than 90k years.   
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